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IDENTIFICATION OF SORTING NEXIN 19 AS A NOVEL
CHONDROGENIC FACTOR BY A REAL-TIME
FLUORESCENCE MONITORING CELL LINE
ATDC5-S2RD5
A. Kan, T. Ikeda, T. Saito, M. Ushita, K. Nakamura, U.I. Chung,
H. Kawaguchi
Sensory & Motor System Medicine, Tissue Engineering,
University of Tokyo, Tokyo, Japan
Purpose: To realize cartilage regeneration which beneﬁts the
treatment of degenerative disorders such as osteoarthritis, fur-
ther understanding of mechanisms underlying chondrogenic dif-
ferentiation is essential. Aiming at elucidation of the molecular
network, this study initially sought to establish a monitoring sys-
tem that could detect chondrogenic differentiation in a precise,
noninvasive and real-time manner. Using the system, we per-
formed a screening for chondrogenic factors from our original
expression libraries, and succeeded in identiﬁcation of a key
molecule.
Methods: By comparison of the genomic sequences of intron 1
of type II collagen (COL2A1) gene among human, mouse and
rat, we identiﬁed a highly conserved region, and established
several lines of mouse chondrogenic ATDC5 cells stably trans-
fected with tandem copies of the region cloned upstream of
DsRed2 ﬂuorescence reporter gene. We then created retroviral
expression libraries from human tracheal cartilage and mouse
embryos, and applied the cell line to the expression cloning
for the screening of chondrogenic factors. Expression pattern
of the identiﬁed factor was evaluated by real-time RT-PCR, and
subcellular localization was detected by immunostaining with an
anti-myc-FITC antibody in HeLa cells overexpressing the myc-
tagged gene. For the functional analysis, ATDC5 cells and mouse
costal chondrocytes overexpressing the gene or the siRNA were
established through retroviral transfection, and COL2 mRNA level
and the promoter activity were determined by real-time RT-PCR
and luciferase-reporter assays, respectively. Phosphorylation of
signaling molecules was evaluated by Western blotting.
Results: We identiﬁed a 49 bp region including a SOX9 binding
enhancer in the COL2A1 promoter, and established a stable
clone called ATDC5-S2RD5 transfected with tandem copies of
the region that ﬂuoresced not only upon chondrogenic stimula-
tion by insulin, but also those by BMP-2, TGF-β, and SOX9/SOX6
co-transfection. This cell line was conﬁrmed to show increases
in endogenous COL2 expression and Alcian blue staining by
the stimulations above. The screening by expression cloning
from the retroviral expression libraries using the ATDC5-S2RD5
cell line identiﬁed several genes that caused ﬂuorescence by
chondrogenic stimulations. Among them, sorting nexin (SNX)
19, a member of the SNX family, intracellular transportation pro-
teins whose insufﬁciency is known to cause skeletal dysplasia
in human, exhibited strong ﬂuorescence. SNX19 was expressed
in cartilage, and the subcellular localization was limited in the
cytoplasm. Both mRNA level and promoter activity of COL2
were increased by the SNX19 overexpression, whereas they
were decreased by the knockdown through RNA interference in
the chondrogenic cells. Among signaling molecules ERK, p38
MAPK, JNK, Akt, IκB, Smads and GSK3β, the SNX19 over-
expression enhanced phosphorylation of p38. The p38 MAPK
pathway was conﬁrmed to be important for chondrogenic differ-
entiation, since ATDC5-S2RD5 cells showed strong ﬂuorescence
and an increase in Alcian blue staining by stable transfection with
constitutively active MKK6, an upstream kinase of p38.
Conclusions: We established a real-time ﬂuorescence cell line
ATDC5-S2RD5 for monitoring of chondrogenic differentiation.
Using this, we identiﬁed a novel chondrogenic factor SNX19
which was a cytoplasmic protein related to p38 MAPK signaling.
Further screening of molecules using this monitoring cell line
will elucidate the molecular network underlying chondrogenic
differentiation, leading to a new era of cartilage regeneration and
osteoarthritis treatment.
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A PROMINENT ROLE FOR WNT-1 INDUCED SECRETED
PROTEIN 1 AND UPREGULATION OF SEVERAL WNT
GENES IN EXPERIMENTAL AND HUMAN
OSTEOARTHRITIS
A.B. Blom1, S.M. Brockbank2, E.N. Blaney Davidson1, P.L. van
Lent1, P. Newham2, W.B. van den Berg1
1Radboud University Nijmegen Medical Center, Nijmegen, The
Netherlands; 2AstraZeneca, Respiratory and Inﬂammation
Research Area, Alderley Park, Macclesﬁeld, Cheshire, United
Kingdom
Purpose: In osteoarthritis (OA) it is proposed that developmental
processes important in embryonic development are reactivated in
cartilage. Several members of the wnt and frizzled (Fzd) families
are involved in embryonic development of cartilage and bone.
The aim of this study is to perform a longitudinal expression
analysis of wnt/Fzd- and related genes during development of
experimental models for OA and to validate the expression and
function of selected genes in OA disease models and through
histological analysis of human OA samples.
Methods: Experimental OA was induced by intra-articular in-
jection of collagenase into murine knee joints, which causes
local instability. Cartilage and synovial tissue were isolated from
injected and control knees at 7 days, 21 days and 42 days af-
ter induction. STR/ort mice were used as a second OA model.
Tissue of 4, 8 and 16 week old mice was isolated and com-
pared to expression in control (CBA) mice. mRNA was isolated
and analyzed by RT-PCR using Taqman Low Density Arrays, to
determine the expression level of 48 genes in 8 samples simul-
taneously. Expression of selected genes was tested on cartilage
from human OA patients and post mortem control patients using
Taqman RT-PCR and immunohistochemical staining of human
clinical samples. Functional relevance was tested by addition of
recombinant protein of the selected target(s) to chondrocytes
and macrophages, and by adenoviral overexpression in murine
knee joints.
Results: Several wnt-signaling genes were detected and/or reg-
ulated in the OA models, e.g. wnt16 and wnt2b that were strongly
upregulated (up to 100-fold). Wnt-1 induced secreted protein-1
(WISP-1) was strongly upregulated compared to control knee
joints. In the synovium, expression of WISP1 at day 7, 21 and
42 was increased 39-fold, 16-fold and 9-fold respectively. In the
cartilage, WISP1 expression was signiﬁcantly increased at day 7
and 21 (2.5-fold and 2.8-fold respectively). In a model for acute
arthritis, WISP1 was not regulated in cartilage, indicating speci-
ﬁcity for OA processes. In concordance with the experimental
OA, WISP1 expression in human OA knee joint cartilage was
signiﬁcantly upregulated (2.7 fold, p<0.03) compared to con-
trol cartilage. Small changes identiﬁed at the genomic level were
conﬁrmed using immunohistochemical staining, where strong up-
regulation of WISP1 in human cartilage was found, especially in
the mid zone and in chondrocyte clusters. Stimulation of murine
macrophages and chondrocytes using recombinant WISP1 pro-
tein resulted in high upregulation of MMP-3, -9 and -13 (respec-
tively 7-, 7- and 3-fold) in macrophages, which was independent
of IL-1. MMP-3 was also upregulated 14-fold in chondrocytes
by WISP1 stimulation. In a pilot study, overexpressing WISP1 in
naïve murine knee joints using an adenoviral vector resulted in a
signiﬁcant upregulation of the MMP and aggrecanase mediated
neoepitopes VDIPEN and NITEGE in the cartilage.
Conclusions: During experimental OA, Wnt-related processes
are regulated with upregulation of several wnts and enhanced
C20 Podium Presentations
expression of WISP1 in synovium and cartilage. This signiﬁes
that wnt-signaling pathways are activated in preclinical species
and in human disease, and also results in upregulation of ma-
trix degrading enzymes in synovium and cartilage. We also
demonstrated that high synovial WISP1 expression can cause
enzyme-mediated cartilage damage, which may be independent
of IL-1. These results demonstrate a potential role for WISP1 in
experimental OA and in human OA clinical samples.
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DISRUPTION OF ENDOPLASMIC RETICULUM STRESS
SIGNALING IN CARTILAGE-SPECIFIC SITE-1 PROTEASE
KNOCKOUT MICE RESULTS IN ABNORMAL MATRIX AND
LACK OF ENDOCHONDRAL OSSIFICATION
D. Patra1, X. Xing1, J. Bryan1, C. Franz1, E. Hunziker2,
L.J. Sandell1
1Washington University School of Medicine, St. Louis, MO; 2ITI
Research Institute, University of Bern, Bern, Switzerland
Purpose: Site-1 protease (S1P) is a proprotein convertase that
plays an essential role in the processing of latent, membrane-
bound transcription factors such as SREBPs and ATF6, to their
free and active form. While SREBPs are involved in cholesterol
and fatty acid homeostasis, ATF6 is involved in endoplasmic
reticulum stress signaling (ERSS) also called the unfolded protein
response. The importance of S1P in cartilage development and
lipid synthesis was demonstrated in literature by the zebraﬁsh
gonzo mutant with knockdown in S1P, but the exact requirement
of S1P in cartilage development is not known. The goal of this
study was to analyze the requirement of S1P in cartilage and
bone development.
Methods: Cartilage-speciﬁc S1P knockout mice (S1Pcko) were
created by crossing S1Pf/f mice (homozygous for the S1Pﬂox
allele in which exon 2 of S1P is ﬂoxed) with S1Pf/+; Col2-Cre
mice (heterozygous for the S1Pﬂox allele and positive for the
Col2-Cre transgene in which the Cre recombinase is under the
inﬂuence of the cartilage-speciﬁc type II collagen promoter) to
generate cartilage-speciﬁc deletion of S1P activity. S1Pcko mice
and wild type littermates were studied by histology, immunohis-
tochemistry (IHC), in situ hybridization, and electron microscopy
techniques. Extraction of collagens from cartilage were done
with 4M guanidine-hydrochloride (Gu-HCl) followed by pepsin
digestion and analysis by western blotting.
Results: S1Pcko mice suffer from severe chondrodysplasia with
deformed limbs. Histological studies show a lack of endochon-
dral ossiﬁcation in S1Pcko mice even though mineralization of the
hypertrophic cartilage, expression of type X collagen and VEGF
occur normally. Ihh signaling pathway and osteoblastogenesis
pathways are intact in S1Pcko mice. However, S1Pcko mice have
an abnormal matrix. While there is no decrease in the number
of chondrocytes in the limbs, the cells are more densely packed
and randomly oriented. There is also a dramatic increase in
chondrocyte apoptosis in the cartilage of S1Pcko mice. Western
blot analysis of Gu-HCl-extracted and pepsin-digested cartilage
from S1Pcko mice shows a signiﬁcant decrease in Col2 protein
extraction from S1Pcko cartilage. IHC analysis of the distribution
of type IIA collagen and type IIB collagen shows that both type
IIA and type IIB collagen proteins are expressed. However, while
type IIA collagen is incorporated into the matrix, the incorpora-
tion of type IIB collagen into the matrix is disrupted in S1Pcko
mice. Type IIB collagen appears to be primarily trapped inside
the cell presumably in the ER. Electron microscopy of S1Pcko
cartilage shows that the ER is engorged and fragmented and the
deposition of collagen ﬁbrils into the matrix is not consistent.
Conclusions: S1P is essential to endochondral ossiﬁcation and
in the genesis of a normal cartilage matrix which is the forerunner
for endochondral bone morphogenesis. It had been thought that
ERSS was stimulated only by mutant proteins. However, in this
study the disruption of S1P resulted in ER stress like-symptoms
such as engorgement and fragmentation of ER even in the
absence of a mutant cartilage protein. As ATF6 is required for
ERSS and is a substrate for S1P, ERSS is likely to be defective
in S1Pcko chondrocytes. These results suggest that the ERSS
is a normal metabolic event in chondrocytes likely due to the
dramatic increase in secreted proteins. Thus for the ﬁrst time,
we show that chondrocytes have a unique secretory apparatus.
Understanding of this pathway should be useful in cartilage
diseases and tissue engineering.
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CARTILAGE INNATE IMMUNITY AND OA: THE SHARED
TLR AND IL-1 RECEPTOR ADAPTOR MYD88 IS CENTRAL
TO BOTH CHONDROCYTE HYPERTOPHY AND MATRIX
CATABOLISM
R.L. Bryan, C. Yoon, R. Terkeltaub
VAMC, UCSD, San Diego, CA
Purpose: Low-grade joint inﬂammation in OA cartilage promotes
altered chondrocyte differentiation and matrix catabolism, medi-
ated partly by IL-1, TNFalpha, and chemokines and the induction
of chondrocyte hypertrophy. However, chondrocytes also express
TLRs and their adaptors involved in innate immune responses.
Moreover, at least one endogenous TLR2 and TLR4 ligand (low
molecular weight hyaluronan (LMW-HA)) is increased in the joint
as OA progresses. Stimulation of chondrocytes by microbial
TLR2 and TLR4 ligands such as peptidoglycan (PGN) and LPS
induces matrix catabolic responses in vitro. Since MyD88 is a
critical and shared adaptor protein for the IL-1 receptor and TLRs,
we probed the roles of TLR2, TLR4 and MyD88 in chondrocyte
differentiation and function pertinent to phenotypic changes that
develop in OA.
Methods: We studied immature primary mouse knee articu-
lar chondrocytes and femoral head cap cartilage explants from
two months old MyD88 knockout (KO), TLR2/4 double KO and
congenic wild type mice. Stimuli given were cytokines, PGN,
puriﬁed LPS (pLPS) or LMW-HA for up to 3 days. GAG re-
lease, nitric oxide (NO) generation, MMP-3, MMP-13, ADAMts5
and the chondrocyte hypertrophy marker Type X collagen ex-
pression were analyzed by the dimethyl methylene blue (DMB)
colorimetric assay, the Greiss reaction, and Western blotting, re-
spectively. In addition, we examined Type X collagen expression
in bovine knee articular chondrocytes transfected with dominant
negative MyD88 or with Tollip (the ubiquitin-binding protein that
suppresses both IL-1R and TLR signal transduction).
Results: First, IL-1β, PGN and pLPS induced GAG and NO
release, MMP-3, MMP-13 and ADAMts5 expression in wild type
but not MyD88 KO mouse femoral head cap explants culture
or knee chondrocytes in control studies. Second, MyD88 KO
suppressed chondrocyte activation by TNFalpha (which is nei-
ther a TLR or IL-1 receptor agonist) in mouse cartilage explants
and chondrocytes. Speciﬁcally, MyD88 KO caused a >70% drop
in GAG and NO release (p<0.05), and it decreased MMP-3,
MMP-13 and ADAMTS-5 expression in response to TNFalpha.
Third, MyD88 KO attenuated TNFalpha-induced Type X collagen
expression in mouse chondrocytes. Fourth, dominant negative
MyD88 and Tollip transfection attenuated Type X collagen expres-
sion in normal bovine knee articular chondrocytes in response to
cytokines TNFalpha and CXCL8. Last, LMW-HA induced MMP-3
and MMP-13 expression in wild type, but LMW-HA failed to do
so in either MyD88 KO or TLR2/4 double KO mouse cartilage
explants and knee chondrocytes.
Conclusions: MyD88 is central for mediating chondrocyte dif-
ferentiation and catabolic responses not only to IL-1β but also to
TNFα and CXCL8 and to the endogenous TLR2 and TLR4 ligand
